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and back light using the same are provided. The sec- 
ondary electron amplification structure is formed by 



stacking a film (400) of MgO, of a fluoride such as MgF 2 , 
CaF 2 or LiF, or of an oxide such as Al 2 0 3 , ZnO, CaO, 
SrO, Si0 2 or La 2 0 3 on a CNT (300), thereby functioning 
to increase the secondary electron emission coefficient 
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Description 

[0001] The present invention relates to a secondary electron amplification structure employing carbon nanotube and 
a plasma display pane! and back light using the same. 
5 [0002] Display devices can be largely classified into a Braun tube and a flat panel display device. A flat panel display 
device is thin and convenient to carry compared to a Braun tube. Moreover, a flat pane! display device consumes iess 
power than a Braun tube. For this reason, a new market for a fiat panel display device compensating for the drawbacks 
of a Braun tube has been made. 

[0003] Representative flat panel display devices are liquid crystal displays (LCDs), plasma display panels (PDPs) 
10 and field emission displays (FED). PDPs are favorable for a large screen display so that they can compensate for the 
drawbacks of LCDs. Photomultipiiers such as photomultiplier tubes (PMTs) and microchannel plates (MCPs) compen- 
sate for the drawbacks of these display devices by improving luminance. 

[0004] FiG. 1 is a perspective view of a conventional surface discharge type triode plasma display panel (PDP) widely 
used at present. FiGS. 2Aand 2B are verticai sectional views of the surface discharge type triode PDP taken widthwise 

15 and lengthwise. As shown in the drawings, a surface discharge type triode PDP includes a front glass substrate 20 
and a rear glass substrate 10 which face each other with a predetermined gap therebetween. Partition walls 13 are 
formed between the gap to partition the space and construct ceils having discharge spaces 21 corresponding to pixels. 
Each of the discharge cells for provoking discharge includes an address electrode 11, a scanning electrode 14 and a 
common electrode 15. The scanning electrode 14 and the common electrode 15 are disposed on the same plane in 

20 parallel crossing the address electrode 11 , thereby provoking surface discharge and displaying an image. Reference 
numeral 12 indicates a dielectric layer, reference numeral 17 indicates a luminescent material, reference numeral 16 
indicates a bus electrode, reference numeral 18 indicates a dielectric layer and reference numeral 1 9 indicates a MgO 
protection layer. 

[0005] As described above, the PDP provided with plasma discharge spaces formed by partition walls mounted on 
25 a substrate displays an image by provoking discharge. The partition wall 13 is formed to have a uniform pattern using 
a printing method. The partition wall 13 allows a discharge in a cell to be discriminated from a discharge of an adjacent 
cell. 

[0006] The MgO protection layer 19 enhances the efficiency of the discharge cell by emitting secondary electrons 
in the discharge cell to thereby decrease discharge voltage applied between electrodes. Consequently, the MgO pro- 

30 tection layer 1 9 serves to protect the electrodes within the PDP. 

[0007] Since materials conventionally used for PDPs, FEDs and photomuttipliers have a low secondary electron 
emission coefficient, they have a low electron amplification factor. This increases voltage and weakens luminance. A 
PDP using discharge has discharge cells having discharge spaces for facilitating discharge. A MgO layer is formed in 
the space within each discharge cell as a protection layer, The MgO layer is usually made by forming a thin film using 

35 a sputtering method and an electron beam evaporation method. However, deposition of only single material, MgO, has 
a limitation in achieving a sufficient secondary electron emission effect within a plasma discharge space, in addition, 
it is desirable for the secondary electron emission to be enhanced in FEDs and photomultipliers such as PMTs and 
MCPs. 

[0008] It is another object of the present invention to provide a plasma display panel and a iiquid display panel back 
40 light, which employ the secondary electron amplification structure capable of lowering a driving voltage and improving 
luminance by maxim z ng se ondary 3ie tron emission. 

[0009] According to the invention, there is provided a secondary electron amplification structure including a carbon 
nanotube, and a layer stacked on the carbon nanotube, formed of MgO, MgF 2 , CaF 2 , LiF, Al 2 0 3 , ZnO, CaO, SrO, Si0 2 
or La 2 0 3 . 

45 [0010] The invention provides a secondary electron amplification structure which maximizes secondary electron 
emission using a carbon nanotube. 

[0011] In one embodiment the layer comprises MgO and in another embodiment it comprises one of MgF 2 , CaF 2 , 
LiF, Al 2 0 3 , ZnO, CaO, SrO, Si0 2 or La 2 0 3 . 

[0012] The carbon nanotube may be deposited on an electrode formed of at least one metal among Cs, W, Mo, Ta, 

so Fe and Cu. 

[0013] The present invention also provides a plasma display panel including front and rear substrates disposed to 
face each other with a predetermined gap therebetween, electrodes formed between the facing front and rear sub- 
strates, the electrodes crossing one another in a striped pattern, partition walls formed between electrodes on the rear 
substrate parallel to the electrodes, the partition walls allowing the predetermined gap between the front and rear 
55 substrates to be sustained, the partition walls forming discharge cells, and luminance materials deposited on the sides 
of the partition walls and on the electrodes on the rear substrate. The plasma display panel employing a secondary 
electron amplification structure includes a carbon nanotube formed on the electrodes on the front substrate, and a 
layer stacked on the carbon nanotube formed of MgO, MgF 2 , CaF 2 , LiF, Ai 2 0 3 , ZnO, CaO, SrO, Si0 2 or La 2 0 3 . 
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[0014] The electrodes may be formed of at ieast one metal among Cs, W, Mo, Ta, Fe and Cu. The plasma display 
panel also includes a carbon nanotube between each luminescent material and each electrode on the rear substrate 
and/or a carbon nanotube on each partition wall between each luminescent material and the layer. 
[0015] The present invention also provides a surface discharge type triode plasma display panel including front and 

5 rear substrates disposed to face each other with a predetermined gap therebetween, address electrodes formed on 
the rear substrate in a striped pattern, partition walls formed between the address electrodes on the rear substrate 
parallel to the address electrodes, the partition walls allowing the predetermined gap between the front and rear sub- 
strates to be sustained, the partition walls forming discharge cells, luminance materials deposited on the sides of the 
partition walls and on the address electrodes, scanning electrodes and common electrodes formed parallel to each 

10 other on the front substrate with a predetermined gap therebetween, the scanning and common electrodes crossing 
the address electrodes in a striped pattern, and a dielectric layer deposited on the front substrate such that the scanning 
and common electrodes are covered with the dielectric layer. The plasma display panel employing a secondary electron 
amplification structure includes a carbon nanotube formed on the dielectric layer, and a layer stacked on the carbon 
nanotube formed of MgO, MgF 2 , CaF 2 , LiF, Al 2 0 3 , ZnO, CaO, SrO, Si0 2 or La 2 0 3 . 

'5 [0016] The electrodes may be formed of at least one metal among Cs, W, Mo, Ta, Fe and Cu. The surface discharge 
type triode plasma display panel also includes a carbon nanotube between each luminescent material and each elec- 
trode on the rear substrate and/ or a carbon nanotube on each partition wall between each luminescent material and 
the MgO layer. 

[0017] The invention also provides a back light including front and rear substrates disposed to face each other with 
20 a predetermined gap therebetween to form a discharge space, a first electrode formed on the surface of the front 
substrate in the discharge space, a luminescent material layer formed on the first electrode, a second electrode and 
a third electrode formed parallel to each other on the rear substrate in the discharge space with a predetermined gap 
therebetween, the second and third electrodes sustaining discharge, a dielectric layer deposited on the rear substrate 
such that the second and third electrodes are covered with the dielectric layer, and partition wails for allowing the 
25 predetermined gap between the front and rear substrates to be sustained and sealing the discharge space tightly. The 
back Sight employing a secondary electron amplification structure includes a carbon nanotube formed on the dielectric 
layer, and a layer stacked on the carbon nanotube formed of MgO. MgF 2 , CaF 2 , LiF, Al 2 0 3 , ZnO, CaO, SrO, Si0 2 or 
La 2 0 3 . The second and third electrodes may be formed of at least one metal among Cs, W, Mo, Ta, Fe and Cu. The 
back light also includes a carbon nanotube between the luminescent material layer and the first electrode. 
30 [0018] Examples of the invention will now be described in detail with reference to the accompanying drawings, in 
which: 

FIG. 1 is a perspective view of a conventional surface discharge type triode plasma display panel (PDP); 
FIGS. 2A and 2B are vertical sectional views of the surface discharge type triode PDP taken widthwise and length- 
-35 wise; 

FIG. 3 is a sectional view of an embodiment of a secondary electron amplification structure according to the present 
invention; 

FiG. 4 is a schematic diagram of an apparatus for measuring a secondary electron emission coefficient; 

FIG. 5 is a graph showing the secondary electron emission coefficients varying according to electrons in samples 

40 of the secondary electron amplification structure of FIG. 3 which is formed of carbon nanotube (CNT)+MgO; 

FIG. 6 is a graph showing a secondary electron emission coefficient varying according to the thickness of a de- 
posited MgO layer in a secondary electron amplification structure according to the present invention; 
FIG. 7 is a graph showing the secondary electron emission coefficients varying according to ions in samples of 
the secondary electron amplification structure of FIG. 3 which is formed of carbon nanotube (CNT)+MgO; 

45 FIG. 8 is a graph showing the secondary electron emission coefficients varying according to electrons in samples 

of the secondary electron amplification structure of FIG. 3 which is formed of carbon nanotube (CNT)+Si0 2 ; 
FIG. 9 is a vertical sectional view showing the schematic configuration of a plasma display panel employing a 
secondary electron amplification structure according to an embodiment of the present invention; 
FIG. 10 is a vertical sectional view showing the schematic configuration of a plasma display panel employing a 

50 secondary electron amplification structure according to another embodiment of the present invention; 

FIG. 11 is a vertical sectional view showing the schematic configuration of a liquid crystal display (LCD) back light 
employing a secondary electron amplification structure according to an embodiment of the present invention; and 
FIG. 12 is a vertical sectional view showing the schematic configuration of a LCD back light employing a secondary 
electron amplification structure according to another embodiment of the present invention. 

55 

[0019] The present invention provides a secondary electron amplification structure in which a carbon nanotube (CNT) 
is first formed and a layer is stacked on the CNT, thereby maximizing the discharge efficiency of a discharge cell. When 
MgO is used as the layer, the advantage of a conventionally used MgO layer is sustained. The present invention inserts 
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the secondary electron amplification structure into a protection layer, a luminescent material and a partition wall to 
provide a plasma display panel (POP) and a back light for a liquid display panel, in which electron emission is maximized. 
[0020] Referring to FIG. 3, a secondary electron amplification structure according to the present invention is com- 
posed of a CNT 300 and a MgO layer 400. In FIG. 3, the secondary electron amplification structure is stacked on an 

5 electrode 200 on a glass substrate for measuring the secondary electron emission efficiency of the secondary electron 
amplification structure. A Ni layer is used for the electrode 2000. The Ni layer 2000 does not deposit well on the glass 
substrate 1000, so a Cr layer 2100 is deposited on the glass substrate 1000 as a buffer layer before depositing the Ni 
layer 2000. Instead of the MgO iayer 400, a fluoride such as MgF 2 , CaF 2 or LiF or an oxide such as Al 2 0 3 , ZnO, CaO, 
SrO, Si0 2 or La 2 0 3 may be formed on the CNT 300 to form a secondary electron amplification structure. In this case, 

10 a sufficient secondary electron amplification effect can also be obtained. These materials are preferably formed on the 
electrode 2000 composed of a metal having a large electron emission coefficient, such as Cs, W, Mo, Ta, Fe or Cu. 
[0021] The secondary electron amplification structure in which a MgO layer is deposited on a CNT was tested for 
secondary electron emission, in the test, a secondary electron emission coefficient 5 was measured with respect to 
three samples of a MgO layer, a CNT and a CNT+MgO layer of the present invention using the apparatus of FIG. 4. 

15 [0022] Referring to FIG. 4, the apparatus for measuring a secondary electron emission coefficient includes a vacuum 
chamber 500, an electron gun 520 for shooting an electron beam at a sample 510, a variable power supply 540 for 
applying a voltage to the sample 510 and an ampere meter 530 for measuring current flowing through the sample 51 0. 
[0023] In measuring a secondary electron emission coefficient, the sample 510 is put in the vacuum chamber 500. 
An electron beam is shot at the sample 510 by the electron gun 520 while the variable power supply 540 applies a 

20 voltage to the sample 510. Then, the electron beam collides with the surface of the sample 510, and thus secondary 
electrons are emitted. These secondary electrons create a current Is. The electron beam creates a current Ip. If it is 
assumed that a current measured by the ampere meter 530 is It, currents and a secondary electron emission coefficient 
have the relationship shown in Equation (1). 

8 = 1-(/f//p} = /s/7p, lp = lt + ls (1) 

[0024] In the case of the sampie of a secondary electron amplification structure of the present invention, conditions 
of depositing a MgO layer on a CNT, such as the temperature of a substrate, a deposition rate, an oxygen tension and 

30 thickness, were varied during measurement. It was found that a secondary electron emission coefficient varies accord- 
ing to a factor. Conditions allowing a targe secondary eiectron emission coefficient were found whiie varying factors. 
The sample of the present invention was compared with the other two samples under the best condition. 
[0025] FIG. 5 is a graph showing a secondary eiectron emission coefficient varying according to a different primary 
electron's energy. As shown in FIG. 5, when secondary electron emission is maximum, the secondary electron emission 

35 coefficient of the sample of a CNT+MgO (or MgO/CNT) was 2300, the secondary electron emission coefficient of the 
sample of a MgO layer was 5.55, and the secondary eiectron emission coefficient of the sample of a CNT was 2.46. 
Consequently, it was seen that the MgO/CNT is a material having the largest secondary electron emission coefficient. 
As seen from the above, the secondary electron amplification structure has a relatively considerable secondary eiectron 
emission coefficient. Accordingly, it was proved that a considerable secondary electron amplification effect can be 

40 obtained when using the secondary electron amplification structure of the present invention in display devices, PDPs, 
field emission displays (FEDs), electron multipliers and electron multipliers. 

[0026] FIG. 6 is a graph for comparing secondary electron emission coefficients 5 having different values at different 
primary electron's energy in a sample of a secondary electron amplification structure according to the present invention. 
More specifically, the graph shows changes in secondary electron emission coefficient 3 when the condition of a MgO 
15 layer is varied in a MgO/CNT structure. As shown in FIGS. 5 and 6, instead of increasing the amplification factor by 
many collisions in a conventional technology, a desired electron amplification factor can be obtained by only several 
amplifications in the present invention. A signal gain (i.e., an amplification factor) obtained in a secondary electron 
amplification structure of the present invention is expressed as 

Gain = S 1 S (n ' 1> (2) 

where 6 1 is an gain at an initial collision, S( n - 1 > is an average gain when collisions occur at a sample which has had an 
amplification factor at an initial collision, and n is the number of collisions of an electron when the eiectron moves along 
55 a channel. 

[0027] As seen from Equation (2), a desired amplificationfactor can be easily obtained by only several amplifications 
instead of many amplifications in the present invention, thereby simplifying the structure of a photomultipliertube (PMT) 
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or a microchannel plate (MCP) and easily increasing the area of a PMT or a MCP. Conventionally, an increase in the 
amplification factorfor a large screen results in high costs and makes the manufacturing difficult. When using a material 
according to the present invention, manufacturing becomes easy and manufacturing costs decrease. 
[0028] In a second test, a second electron emission coefficient -/caused by ions is measured with respect to a 

5 secondary electron amplification structure fabricated in the same manner as in the first test, a CNT formed by a printing 
method and a conventional MgO layer altogether. The data obtained from the test proves that the secondary electron 
amplification structure of the present invention has a large secondary electron emission coefficient y, thereby decreas- 
ing the driving voltage when it is used in a PDP and a back light employing the structure of PDP substituting for a MgO 
layer conventionally used as a protection layer. As a result of measuring secondary electron emission coefficients y 

to caused by ions, it was found that a secondary electron emission coefficient y caused by ions increases in an actual 
PDP at an ion's acceleration voltage (less than 50 V). This is expressed as 



A(pd) 



7 J 



.(3) 



where Vf is the initial discharge voltage of a PDP, y is a secondary electron emission coefficient, A and B are constants 

?5 determined from gases, and d is the distance between electrodes. Since the secondary electron emission coefficient 
y caused by ions increases based on Equation (3), a decrease in driving voltage can be anticipated. 
[0029] FIG. 7 is a graph showing the results of the above measurement. From the graph, secondary electron emission 
coefficients y caused by ions according to condition can be compared by comparing secondary electron emission 
coefficients of different material layers. In the graph of FIG. 7, MgO indicates a MgO layer, CNT indicates a carbon 

30 nanotube layer, CNT+MgOl and CNT+Mg02 indicate structures in which a MgO layer is formed on a CNT under 
different deposition conditions. Since an acceleration voltage actually measured within the cell of a PDP is less than 
about 30 V, values of y were compared in the range less than 30 V. As a resuit of the comparison, it was observed that 
the CNT and the CNT + MgO have a relatively large value of y compared to the conventional MgO. This large value 
of y represents a decrease in the driving voltage in a PDP or a back light lamp employing a PDP structure. 

35 [0030] The test was performed for the first time and proves that a secondary electron emission coefficient increases 
when a MgO layer is formed on a CNT. The first test proved that a secondary electron amplification structure of the 
present invention increases a secondary electron emission coefficient 5 caused by electrons, and the second test 
proved that a secondary electron amplification structure of the present invention increases the secondary electron 
emission coefficient y caused by ions. 

40 [0031] More specificaliy, while the secondary electron emission coefficient 5 caused by electrons is 2-5 in a conven- 
tional MgO, the secondary electron emission coefficient S caused by electrons increases up to 19000 in a secondary 
electron amplification structure of the present invention. This confirms that the secondary electron amplification struc- 
ture increases the secondary electron emission caused by electrons by several hundred times compared to a known 
material (it is known that the secondary electron emission coefficient of the known materia! is about 80). The increase 

45 of the emission coefficient S may be due to an increase in surface area of a MgO layer, but the exact reason is not 
known. Although it just can be said that the surface area of a MgO layer is increased, it is considered that the increase 
in emission coefficient 6 is due to an amplification effect within a CNT material. 

[0032] As a resuit of measuring secondary electron emission coefficients y caused by ions, it was found that a sec- 
ondary electron emission coefficient yea used by ions increases in an actual PDP at an ion's acceleration voltage (less 

50 than 50 V). This is represented by Equation (3). As shown in Equation (3), the initial discharge voltage Vf decreases 
as the secondary electron emission coefficient y caused by ions increases. It was confirmed in the test that a structure 
in which a MgO layer is formed on a CNT has a larger value of y than a conventionai MgO protection layer in a PDP 
discharge space (it is known that an ion's acceleration voltage is less than 50 V during discharge in a PDP), thereby 
dropping the driving voltage of the PDP. The structure increasing the value of y may be used in a plate lamp employing 

55 the PDP structure for an LCD back light to drop the driving voltage of the lamp and thus decreasing the driving voltage 
of the LCD device. 

[0033] It has already been described that instead of a MgO layer, a fluoride such as MgF 2 , CaF 2 or LiF or an oxide 
such as Al 2 0 3 , ZnO, CaO, SrO, Si0 2 or La 2 0 3 may be stacked on a CNT when forming a secondary eiectron ampli- 
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fication structure of the present invention to obtain a sufficient secondary electron amplification effect. FIG. 8 shows 
the results of measuring the secondary electron amplification effect of a secondary electron amplification structure in 
which a Si0 2 layer is stacked on a CNT. As shown in FIG. 8, a secondary electron emission coefficient 5 of the sample 
of a secondary electron amplification structure in which a Si0 2 layer is stacked on a CNT was increased up to 6000. 

s [0034] Based on these results, a secondary electron amplification structure of the present invention can be applied 
to display devices such as FEDs and PDPs in which a secondary electron emission coefficient caused by electrons 
and a secondary electron emission coefficient caused by ions greatly influence performance. The present invention 
can also be applied to MCPs and PMTs. Accordingly, the present invention allows manufacture of display devices and 
amplifiers, which have improved driving voltage. FIG. 9 shows an embodiment in which a secondary electron amplifi- 

10 cation structure is applied to a PDP according to the present invention, 

[0035] Referring to FIG. 9, a surface discharge type triode PDP employing a secondary electron amplification struc- 
ture includes a front glass substrate 200 and a rear glass substrate 100 which face each other with a predetermined 
gap therebetween. Partition walls 130 are formed between the gap to partition the space and construct ceils having 
discharge spaces 210 corresponding to pixels. Each of the discharge cells for provoking discharge includes an address 

15 electrode 110, a scanning electrode 140 and a common electrode 150. The essential feature of the PDP according to 
the present invention is that a CNT 220 is disposed between a dielectric layer 180 and a MgO protection layer 190. In 
other words, the PDP includes a secondary electron amplification structure having the MgO protection layer 190 and 
the CNT 220. A fluoride such as MgF 2 , CaF 2 or LiF or an oxide such as Al 2 0 3 , ZnO, CaO, SrO, Si0 2 or La 2 0 3 may 
be used for the protection layer 190. In this case, the protection layer 190 coordinates with the CNT 220 in forming a 

20 secondary electron amplification structure, thereby obtaining a considerable secondary electron amplification effect. 
This secondary electron amplification structure is preferably formed on an electrode formed of a metal such as Cs, W, 
Mo, Ta, Fe or Cu having a large electron emission coefficient. 

[0036] The scanning electrode 1 40 and the common electrode 1 50 are disposed on the same plane in parallel cross- 
ing the address electrode 110. When a voltage applied between the scanning electrode 1 40 and the common electrode 

25 1 50 provokes surface discharge in a discharge space, secondary electrons are emitted in bulk. This means that mass 
plasma discharge by fluoride gas is provoked by the voltage applied between the scanning electrode 140 and the 
common electrode 1 50. Compared to a conventional PDP, a larger quantity of fluoride gas is ionized, thereby emitting 
a larger quantity of ultraviolet rays exciting a luminescent material 170, Consequently, the luminance of an image can 
be considerably increased. Reference numeral 120 is a dielectric layer. 

30 [0037] FIG. 10 is a sectional view of a PDP employing a secondary electron amplification structure according to 
another embodiment of the present invention. The structure of the PDP of FIG. 10 is similar to that of the PDP of FIG. 
9. In the PDP of FIG. 10, a CNT 240 is deposited on the partition wall 130 and between a luminescent material 170 
and a MgO protection layer 190 or a CNT 230 formed between the luminescent material 170 and an electrode 11 0 (or 
a dielectric layer 120), 

35 [0038] FIG. 11 is a vertical sectional view showing the schematic configuration of a liquid crystal display (LCD) back 
light employing a secondary electron amplification structure according to an embodiment of the present invention. The 
embodiment of FIG, 11 has a similar structure to that of a surface discharge type triode PDP employing a secondary 
electron amplification structure. The embodiment includes a front glass substrate 60 and a rear glass substrate 50 
which face each other with a discharge space 59 therebetween. Partition walis 56 are formed to seal the discharge 

40 space 59 tightly. A first electrode 57 for provoking initial discharge in the discharge space 59, i.e., for forming wail 
charge, is formed on the bottom surface of the front glass substrate 60. A luminescent materia! layer 58 is formed on 
the first electrode 57. Surface discharge for sustaining discharge is provoked using wall charge within the discharge 
space 59. A second electrode 51 and a third electrode 52 for performing the surface discharge are formed on the rear 
glass substrate 50 in parallel with a predetermined interval therebetween. A dielectric layer 53 is deposited on the rear 

15 glass substrate 50 such that the second and third electrodes 51 and 52 are covered with the dielectric layer 53. A 
secondary electron amplification structure is formed on the dielectric layer 53 by sequentially stacking a CNT 54 and 
a MgO protection layer 55 on the dielectric layer 53. Asdescribed above, the embodiment includes a secondary electron 
amplification structure composed of the CNT 54and the MgO protection layer 55 so as to be improved in the secondary 
electron amplification effect. Instead of the MgO protection layer 55, a fluoride such as MgF 2 , CaF 2 or LiF or an oxide 

50 such as Al 2 0 3 , ZnO, CaO, SrO, Si0 2 or La 2 0 3 may be deposited on the CNT 54 to form a secondary electron ampli- 
fication structure. In this case, a considerable secondary electron amplification effect can also be obtained. These 
materials are preferably formed on an electrode composed of a metal having a large electron emission coefficient, 
such as Cs, W, Mo, Ta, Fe or Cu. 

[0039] Referring to FIG. 1 2, it is preferable to form a CNT 61 between a first electrode 57 and a luminescent material 
55 layer 58 in a back light as shown in FIG. 11. In this case, the luminance of the back light is further improved. The exact 
factor of the improvement of luminance is not known, but it is considered that the luminance improvement is due to an 
increase in the surface area of a luminescent material. 

[0040] As described above, a secondary electron amplification structure according to the present invention is formed 
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by stacking a MgO film, a film of a fluoride such as MgF 2 , CaF 2 or LiF, or a film of an oxide such as Al 2 0 3 , ZnO, CaO, 
SrO, Si0 2 or La 2 0 3 on a CNT, thereby functioning to increase the secondary electron emission coefficient caused by 
electrons or ions. The following effects can be obtained when using the secondary electron amplification structure. 
[0041] When the secondary electron amplification structure is applied to a POP, a secondary electron emission co- 

5 efficient "/caused by ions is increased in the PDP, thereby achieving high luminance. This means that the driving voitage 
for the PDP can be decreased. In addition, the PDP circuit is stabilized and manufacturing cost is reduced. When the 
secondary electron amplification structure is applied to an LCD back light employing a PDP structure, the brightness 
of the LCD back light is increased. This also means that the driving voltage for the back light can be decreased. 
[0042] When the secondary electron amplification structure is applied to a FED, an LCD back light employing a FED 

10 structure, a WICP and a PMT, similarly in a PDP, a secondary electron emission coefficient 6 is increased. By inserting 
a CNT or a CNT+MgO into each cell of these devices, luminance can be increased and a driving voltage can be 
decreased. Since the present invention increases an amplification factor, the thickness, diameter or structure of an 
amplifier can be modified without limit when using the present invention. Accordingly, the present invention can also 
improve the performance of devices using MCPs. Consequently, the present invention improves the performance of 

?5 devices (decrease in driving voltage and increase in luminance), reduces the costs and improves the yield. 



20 1. A secondary electron amplification structure comprising: 

a carbon nanotube; and 

a layer formed of one selected from the group consisting of MgO, MgF 2 , CaF 2 , LiF, Ai 2 0 3 , ZnO, CaO, SrO, 
Si0 2 and La 2 0 3 stacked on the carbon nanotube. 

25 

2. The secondary electron amplification structure of claim 1 , wherein the layer comprises MgO. 

3. The secondary electron amplification structure of claim 1 , wherein the layer is selected from the group consisting 
of MgF 2 , CaF 2 , LiF, Al 2 0 3 , ZnO, CaO, SrO, Si0 2 and La 2 0 3 . 

30 

4. The secondary electron amplification structure of any preceding claim , wherein the carbon nanotube is deposited 
on an electrode formed of at least one metal selected from the group consisting of Cs, W, Mo, Ta, Fe and Cu. 

5. A plasma display panel comprising: 

35 

front and rear substrates disposed to face each other with a predetermined gap therebetween; 

electrodes formed between the facing front and rear substrates, the electrodes crossing one another in a 

striped pattern; 

partition wails formed between electrodes on the rear substrate parallel to the electrodes, the partition walls 
40 allowing the predetermined gap between the front and rear substrates to be sustained, the partition walls 

forming discharge ceils; and 

luminance materials deposited on the sides of the partition walls and on the electrodes on the rear substrate, 
wherein the plasma display panel employing a secondary electron amplification structure comprises: 
a carbon nanotube formed on the electrodes on the front substrate; and 
45 a layer formed of one selected from the group consisting of MgO, MgF 2 , CaF 2 , LiF, Al 2 0 3 , ZnO, CaO, SrO, 

SiO, and La 2 0 3 stacked on the carbon nanotube. 

5. The plasma display panel of claim 5, wherein the layer comprises MgO. 

50 6. The plasma display panel of claim 5, wherein the layer is selected from the group consisting of MgF 2 , CaF 2 , 

LiF, Al 2 0 3 , ZnO, CaO, SrO, Si0 2 and La 2 0 3 . 

7. The plasma display panel of any one of claims 4 to 6, wherein the electrodes are formed of at least one metal 
selected from the group consisting of Cs, W, Mo, Ta, Fe and Cu. 

55 

8. The plasma display panel of any one of claims 4 to 7, further comprising a carbon nanotube between each 
luminescent material and each electrode on the rear substrate. 
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S. The plasma display panel of any one of ciaims 4 to 8, further comprising a carbon nanotube on each partition 
wall between each luminescent materia! and the MgO layer. 

10. A surface discharge type triode plasma display panel comprising: 

5 

front and rear substrates disposed to face each other with a predetermined gap therebetween; 
address electrodes formed on the rear substrate in a striped pattern; 

partition wails formed between the address electrodes on the rear substrate parallel to the address electrodes, 
the partition walls allowing the predetermined gap between the front and rear substrates to be sustained, the 
10 partition walls forming discharge ceils; 

luminance materials deposited on the sides of the partition walls and on the address electrodes; 
scanning electrodes and common electrodes formed parallel to each other on the front substrate with a pre- 
determined gap therebetween, the scanning and common electrodes crossing the address electrodes in a 
striped pattern; and 

15 a dielectric layer deposited on the front substrate such that the scanning and common electrodes are covered 

with the dielectric layer, 

wherein the plasma display pane! employing a secondary electron amplification structure comprises: 
a carbon nanotube formed on the dielectric layer; and 

a layer formed of one selected from the group consisting of MgO, MgF 2 , CaF 2 , LiF, AS 2 0 3 , ZnO, CaO, SrO, 
20 Si0 2 and La 2 0 3 stacked on the carbon nanotube. 

11. The surface discharge type triode plasma display panel of claim 10, wherein the layer comprises MgO. 

12. The surface discharge type triode plasma display panel of claim 10, wherein the layer is selected from the 
25 group consisting of MgF 2 , CaF 2 , LiF, A1 2 0 3 , ZnO, CaO, SrO, Si0 2 and La 2 0 3 . 

13. The surface discharge type triode plasma display panel of any one of claims 10 to 12, wherein the electrodes 
are formed of at least one metal selected from the group consisting of Cs, W, Mo, Ta, Fe and Cu. 

30 14. The surface discharge type triode plasma display panel of any one of claims 10 to 12, further comprising a 

carbon nanotube between each luminescent material and each electrode on the rear substrate. 

15. The surface discharge type triode plasma display panel of of any one of claims 10 to 12, further comprising a 
carbon nanotube on each partition wall between each luminescent material and the MgO layer. 

35 

16. A back light comprising: 

front and rear substrates disposed to face each other with a predetermined gap therebetween to form a dis- 
charge space; 

40 a first electrode formed on the surface of the front substrate in the discharge space; 

a luminescent material layer formed on the first electrode; 

a second electrode and a third electrode formed parallel to each other on the rear substrate in the discharge 
space with a predetermined gap therebetween, the second and third electrodes sustaining discharge: 
a dielectric layer deposited on the rear substrate such that the second and third electrodes are covered with 
45 the dielectric layer; and 

partition walls for allowing the predetermined gap between the front and rear substrates to be sustained and 
sealing the discharge space tightly, 

wherein the back light employing a secondary electron amplification structure comprises: 
a carbon nanotube formed on the dielectric layer; and 
so a layer formed of one selected from the group consisting of MgO, MgF 2 , CaF 2 , LiF, Al 2 0 3> ZnO, CaO, SrO, 

Si0 2 and La 2 0 3 stacked on the carbon nanotube. 

17. The back light of claim 16, wherein the layer comprises MgO. 

55 18. The back light of claim 15, wherein the layer is selected from the group consisting of MgF 2 , CaF 2 , LiF, Ai 2 0 3 , 

ZnO, CaO, SrO, Si0 2 and La 2 0 3 . 

19. The back light of any one of claims 16 to 18, wherein the second and third electrodes are formed of at least 
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one metal selected from the group consisting of Cs, W, Mo, Ta, Fe and Cu. 

20. The back light of any one of claims 16 to 18, further comprising a carbon nanotube between the luminescent 
material layer and the first electrode. 

5 
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FIG. 1 (PRIOR ART) 
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FIG. 2A (PRIOR ART) 
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FIG. 3 




12 



EP 1 122 759 A2 



FIG. 5 
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FIG. 10 
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FIG. 11 
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